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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an inner diameter precision 
improving method of a work and a manufacturing method of a cam 
shaft advantageous in order to increase a concentricity precision 
between the axis that takes an outer diameter of an outer peripheral 
part of the work for a reference and the axis that takes an inner 
diameter of an inner peripheral part of the work for a reference. 
SOLUTION: A work 1, which has an inner peripheral part 12 and an 
outer peripheral part 15 demarcating a hole 10 and a groove 19 
formed to the inner peripheral part 12, is obtained. By charging the 
work 1 into a die hole 30 of a die 3, the outer peripheral part 15 of the 
work 1 is restrained with the inner peripheral part 31 of the die hole 
30, the inner peripheral part 2 of the work 1 is ironed by an outer 
peripheral part of a core rod 35. By this method, the concentricity 
between the axis that takes the outer diameter of the outer 
peripheral part 15 of the work 1 for a reference and the axis that 
takes the inner diameter of the inner peripheral part 12 of the work 1 
for a reference is improved. In ironing, a stock of the inner peripheral 
part 12 of the work 1 can flow into the groove. 
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* NOTICES * 

* * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 

3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The process which obtains the work piece equipped with the slot formed in said inner circumference 
section while having the inner circumference section and the periphery section which divide a hole. While 
restraining the periphery section of said work piece in the inner circumference section of the dice hole of said 
dice by inserting in a work piece in said dice hole using a dice with the core rod arranged in a dice hole and 
said dice hole The improvement approach in bore precision of the work piece characterized by raising the 
same axle nature of the axis on the basis of the outer diameter of the periphery section of said work piece, 
and the axis on the basis of the bore of the inner circumference section of said work piece, coming, and 
including a process by drawing the inner circumference section of said work piece through in the periphery 
section of said core rod. 

[Claim 2] The improvement approach in bore precision of the work piece characterized by using as a slot 
between said tooth parts which it sets to claim 1, and two or more internal-tooth-like tooth parts are formed 
in the inner circumference section of said work piece, and carry out proximal. 

[Claim 3] Each tooth part formed in the inner circumference section of the hole of said work piece in claims 1 
or 2 in the imaginary line which passes the axis on the basis of the inner circumference section of the hole of 
a work piece in the direction of a path before cover printing is the improvement approach in bore precision of 
the work piece characterized by having countered mutually. 

[Claim 4] The process which obtains the work piece equipped with the slot formed in said inner circumference 
section for cams while having the inner circumference section and the periphery section which divide a hole. 
While restraining the periphery section of said work piece in the inner circumference section of the dice hole 
of said dice by inserting in a work piece in said dice hole using a dice with the core rod arranged in a dice hole 
and said dice hole By drawing the inner circumference section of said work piece through in the periphery 
section of said core rod The same axle nature of the axis on the basis of the outer diameter of the periphery 
section of said work piece and the axis on the basis of the bore of the inner circumference section of said 
work piece is raised, and it comes. A process, The manufacture approach of the cam shaft characterized by 
including the process with a group of fitting in and attaching a shaft to the hole of said work piece for [ which 
passed through ironing in the first half ] cams, and obtaining a cam shaft. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[ 0001 ] 

[Field of the Invention] This invention relates to the improvement approach in bore precision of a work piece, 
and the manufacture approach of a cam shaft. 

[ 0002 ] 

[Description of the Prior Art] The technique which carries out the closet of the punch mold into the hole of a 
work piece where a work piece is inserted in in the dice hole of a dice is indicated using the work piece which 
equips JP.60— 1 80767.A with the inner circumference section which divides a hole, and the periphery section, 
and the dice with a dice hole. According to this official report technique, where the periphery section of a 
work piece is restrained in the inner circumference section of the dice hole of a dice by inserting in a work 
piece in the dice hole of a dice, since the closet of the punch mold is carried out to the hole of a work piece, 
the inner circumference section of a work piece is drawn through. Thereby, the bore precision of a work piece 
improves. 

[0003] Moreover, after carrying out high frequency quenching treatment of the green compact which pressed 
metal powder to JP, 61 —21 01 06, A and forming a hardening layer in the surface section, sizing processing is 
performed, highly precise-ization of size is attained, and the technique of obtaining the heat treatment 
material which stored size in the regular dimensional tolerance is indicated. Since the deformation produced 
by sizing processing is absorbable in the porosity part inside a hardening layer according to this official report 
technique, it is supposed that generation of a crack will be controlled. 

[0004] 

[Problem(s) to be Solved by the Invention] By the way, highly precise-ization of the same axle nature of the 
axis on the basis of the outer diameter of the dimensional accuracy of the bore of the work piece which is 
needed at the time of with a group, and the periphery section of a work piece, and the axis on the basis of the 
bore of the inner circumference section of a work piece is demanded increasingly in recent years. The bore 
precision (bore dimensional accuracy, same axle nature precision) of a work piece improves, and if made highly 
precise, the cutting finish leading to cost quantity can be mitigated or abolished, and it will become greatly 
advantageous to reduction of the manufacturing cost of a work piece. 

[0005] According to the technique concerning above-mentioned JP.60-1 80767.A, where the periphery section 
of a work piece is restrained in the inner circumference section of the dice hole of a dice, since the closet of 
the punch mold is carried out to the hole of the work piece in a dice hole, the inner circumference section of 
a work piece is drawn through and, thereby, the bore precision of a work piece improves. However, the highly 
precise inside diameter which a limitation is and needs is not necessarily easy to obtain to deformans 
improvement in the inner circumference section of a work piece. Moreover, it is not necessarily easy to 
secure the same axle nature of the dice of another object and punch with high degree of accuracy mutually. 
Therefore, there is a limitation in highly precise-ization of the same axle nature of the axis on the basis of the 
periphery section of a work piece, and the axis on the basis of the inner circumference section of a work 
piece. 

[0006] According to the technique concerning above-mentioned JP,61-210106,A, it is supposed that the 
deformation produced by sizing processing will be absorbable in the porosity part inside a hardening layer. 
However, although it is absorbable in a porosity part, there is a limitation in increase of the porosity of a 
porosity part, and, for this reason, there is a limitation in deformans improvement in the inner circumference 
section of a work piece. Therefore, there is a limitation in highly precise-ization of the bore precision (bore 
dimensional accuracy, same axle nature precision) of a work piece similarly. 

[0007] Let it be a technical problem for this invention to offer the improvement approach in bore precision of 
a work piece advantageous to advancing the above-mentioned official report technique further technically, 
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and attaining highly precise-ization of the bore precision (bore dimensional accuracy, same axle nature 
precision) of a work piece, and the manufacture approach of a cam shaft. 

[0008] 

[Means for Solving the Problem] The process which obtains the work piece equipped with the slot formed in 
the inner circumference section while the improvement approach in bore precision of the work piece 
concerning this invention is equipped with the inner circumference section and the periphery section which 
divide a hole. While restraining the periphery section of a work piece in the inner circumference section of the 
dice hole of a dice by inserting in a work piece in a dice hole using a dice with the core rod arranged in a dice 
hole and a dice hole By drawing the inner circumference section of a work piece through in the periphery 
section of a core rod, it is characterized by raising the same axle nature of the axis on the basis of the outer 
diameter of the periphery section of a work piece, and the axis on the basis of the bore of the inner 
circumference section of a work piece, coming, and including a process. 

[0009] The manufacture approaches of the cam shaft concerning this invention are the improvement 
approach in bore precision of the above-mentioned work piece, and the approach of being common in the 
principal part. The process which obtains the work piece equipped with the slot formed in the inner 
circumference section by separating spacing along the hoop direction for cams while having the inner 
circumference section and the periphery section which divide a hole, While restraining the periphery section of 
a work piece in the inner circumference section of the dice hole of a dice by inserting in a work piece in a 
dice hole using a dice with the core rod arranged in a dice hole and a dice hole By drawing the inner 
circumference section of a work piece through in the periphery section of a core rod, the same axle nature of 
the axis on the basis of the outer diameter of the periphery section of a work piece and the axis on the basis 
of the bore of the inner circumference section of a work piece is raised, and it comes. A process, It is 
characterized by including the process with a group of fitting in and attaching a shaft to the hole of the work 
piece for cams which passed through the cover-printing process, and obtaining a cam shaft. 

[ 0010 ] 

[Embodiment of the Invention] According to the improvement approach in bore precision of the work piece 
concerning this invention, and the manufacture approach of the cam shaft concerning this invention, the work 
piece is equipped with the slot formed in the inner circumference section while having the inner 
circumference section and the periphery section which divide a hole. 

[001 1] Since the slot is formed in the inner circumference section of the hole of a work piece as described 
above, in case it is ironing, the meat ingredient of the inner circumference section of the hole of a work piece 
can flow to Mizouchi, and its deformation ease of the inner circumference section of the hole of a work piece 
improves as compared with the case where the slot is not formed. Consequently, in case the inner 
circumference section of a work piece is drawn through in the periphery section of a core rod, the inner 
circumference section of the hole of a work piece is transformed easily. Therefore, it becomes easy to raise 
the same axle nature of the axis on the basis of the outer diameter of the periphery section of a work piece 
and the axis on the basis of the bore of the inner circumference section of a work piece. And the inside 
diameter of a work piece is also stabilized. 

[0012] According to the improvement approach in bore precision of the work piece concerning this invention, 
and the manufacture approach of the cam shaft concerning this invention, the number of slots and spacing of 
the slot which carries out proximal can be chosen suitably. The slot may be formed along with the axis of the 
inner circumference section of the hole of a work piece, or to the axis of the inner circumference section of 
the hole of a work piece, it inclines, and it may be formed, or may be formed in the shape of a spiral in the 
inner circumference section of the hole of a work piece. 

[0013] The number of slots is changed according to the class of work piece, size, etc., and one piece or 
plurality is sufficient as it, for example, it can be done in about 1-100 pieces, about 2“70 pieces, and about 3- 
20 pieces. When a slot is plurality, along with the inner circumference section of the hole of a work piece, a 
slot separates spacing and is arranged. As for a slot, it is desirable to be formed at equal spacing in a hoop 
direction. 

[0014] According to the desirable gestalt of the improvement approach in bore precision of the work piece 
concerning this invention, and the manufacture approach of the cam shaft concerning this invention, two or 
more internal-tooth-like tooth parts are formed in the inner circumference section of a work piece, and let 
between the tooth parts which carry out proximal be a slot. 

[0015] According to the improvement approach in bore precision of the work piece concerning this invention, 
and the manufacture approach of the cam shaft concerning this invention, in the imaginary line which passes 
the axis on the basis of the bore of the inner circumference section of the hole of a work piece in the 
direction of a path, adoption of each tooth part formed in the inner circumference section of the hole of a 
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work piece before cover printing is [ the gestalt which has countered mutually ] possible. For this reason, it 
becomes advantageous to attaining balancing of the deformation in the one side field arranged rather than 
that axis at one side, and the deformation in the other side field arranged rather than that axis at the other 
side. 

[0016] 

[Example] (The 1 st example) The 1 st example is hereafter explained with reference to drawing 1 - drawing 6 
[0017] Dr aw ing 1 shows the equipment which carries out ironing typically to a work piece 1. Drawing 2 shows 
the top view of the work piece 1 before ironing. In this example, as shown in drawing 2 , a work piece 1 is 
equipped with the hole 10 penetrated in the thickness direction while it makes a circle configuration. 
Furthermore, the work piece 1 is equipped with the inner circumference section 12 of a circle configuration 
which divides a hole 10, and the periphery section 15 of a circle configuration. Predetermined spacing is 
separated and it is formed in the inner circumference section 12 of a work piece 1 so that two or more 
internal-toothHike tooth parts 18 may take 1 round along a hoop direction. It considers as the fang furrow 19 
between the tooth parts 18 which carry out proximal. In addition, he is trying for the face width D of a tooth 
part 18 to become small gradually as are shown in d rawin g 4 and it goes to a way among the directions of a 
path of a hole 10. 

[0018] As shown in drawing 2 , two or more slots 19 are formed along the hoop direction in the inner 
circumference section 12 of the hole 10 of a work piece 1. That is, two or more slots 19 are formed at equal 
spacing in the hoop direction of the hole 10 of a work piece 1. The slot 19 formed in the work piece 1 is 
installed mutual almost in parallel along with the axis of a hole 10 in the inner circumference section 12 of the 
hole 10 of a work piece 1. The periphery section 15 of a work piece 1 is made into the smooth side carried 
out 1 round in the hoop direction of this, and the external tooth etc. is not formed. 

[0019] This work piece 1 is formed with the sintered compact which sintered the green compact which 
pressed metal powder at the elevated temperature, and has the pore which remained on the occasion of 
compression molding. Although it considers as the alloy steel system or the carbon steel system as metal 
powder, it is not limited to this. In the case of an alloy steel system, there are also little Cr, V, Mo, and W and 
one sort or two sorts or more can be contained. 

[0020] Drawing 4 shows an important section. In the imaginary line M which passes the axis PI on the basis of 
the bore of the inner circumference section 12 of the hole 10 of a work piece 1 in the direction of a path, as 
for each tooth part 18 formed in the inner circumference section 12 of the hole 10 of a work piece 1, 18m of 
the top faces has countered mutually so that he can understand from drawing 4 . If it puts in another way, in 
the imaginary line M which passes said axis PI in the direction of a path, 18m of top faces of each tooth part 

18 formed in the inner circumference section of the hole 10 of a work piece 1 will not have countered in a slot 
19 . 

[0021] As shown in drawing 1 , abrasion resistance is formed with the good metal and a dice 3 has the dice 
hole 30 penetrated in the vertical direction while carrying out opening so that a circle configuration may be 
made on the top face, and the core rod 35 for ironing by which it has been arranged with the axis-of-ordinate 
mold, and abrasion resistance was formed in the central region in the dice hole 30 with the good metal. 

[0022] As shown in drawin g 1 , the dice hole 30 of a dice 3 has the dice inner circumference section 31 
carried out 1 round in the hoop direction of this. It is supposed that the wall surface of the dice inner 
circumference section 31 is smooth, and the internal tooth etc. is not formed. A core rod 35 has the rod 
periphery section 36 which meets the dice inner circumference section 31 of the dice hole 30 of a dice 3. 
[0023] As shown in draw ing 3 , it is supposed that the wall surface which constitutes the rod periphery 
section 36 of a core rod 35 is smooth, and the external tooth etc. is not formed. Interior of tip proposal 35a 
which makes the shape of a cylindrical shape to which a core rod 35 is located in upper limit as shown in 
drawing 1 , It has path voluminousness 35e which makes the shape of a cylindrical shape which is formed in 
the small diameter part of 35d which makes the shape of a cylindrical shape caudad installed from bulge 
section 35c which makes the shape of a cylindrical shape which bulges in the outer— diameter direction, and 
bulge section 35c while being caudad installed from interior of tip proposal 35a, and the lower limit section of 
a core rod 35, and bulges in the direction of the outside of a path. Reliance breaks and path voluminousness 
35e of a core rod 35 is held at the lower limit section of the dice hole 30 of a dice 3. The axis of a core rod 35 
and the axis of the dice hole 30 of a dice 3 are considered as coaxial arrangement. 

[0024] Fitting of the sliding of the draw pin 39 of an axis-of-ordinate mold is made possible to the pin hole 38 
of a core rod 35, and it is held. Above the dice 3, punch 4 is arranged possible [ rise and fall ]. 

[0025] A work piece 1 is inserted in in the dice hole 30 of a dice 3 by dropping punch 4 in the arrow-head Y1 
direction so that he can understand from drawing 1 in the case of ironing. While this restrains the periphery 
section 15 of a work piece 1 in the dice inner circumference section 31 of the dice hole 30 of a dice 3, the 
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inner circumference section 12 of a work piece 1 is drawn through in the periphery section of bulge section 
35c of a core rod 35. That is, the inn'er circumference section 12 of a work piece 1 is drawn through on the 
basis of the outer diameter of the periphery section 15 of a work piece 1. 

[0026] Crushing of the tooth part 18 of a work piece 1 is carried out to radial [ of a work piece 1 ] by plastic 
deformation by this, and height h (refer to drawing 4 ) of a tooth part 18 becomes small. The meat ingredient 
of the tooth part 18 by which plastic deformation was carried out at this time can flow in a slot 19. If it puts in 
another way, since the inner circumference section 12 of a work piece 1 has a slot 19, as compared with the 
periphery section 15 of a work piece 1, its constraint nature is low. Therefore, the same axle nature of the 
axis of the work piece 1 on the basis of the outer diameter of the periphery section 15 of a work piece 1 and 
the axis of the work piece 1 on the basis of the bore of the inner circumference section 12 of a work piece 1 
is raised. 

[0027] In addition, if ironing is completed, by making the draw pin 39 upper-** to an arrow-head Y 2-way, a 
work piece 1 will be pushed up and a work piece 1 will be removed from the dice hole 30 of a dice 3. 

[0028] In case ironing of the inner circumference section 12 of a work piece 1 is carried out since the slot 19 
is formed in the inner circumference section 12 of a work piece 1 in this example as explained above, a flow of 
the meat ingredient which constitutes the tooth part 18 of the inner circumference section 12 of a work piece 
1 is secured. Therefore, the deformans in the inner circumference section 12 of the hole 10 of a work piece 1 
and deformation are secured. Consequently, the bore precision (bore precision of a tooth part 18) of the inner 
circumference section 12 of the hole 10 of a work piece 1 improves. Moreover, the same axle nature of the 
axis on the basis of the outer diameter of the periphery section 15 of a work piece 1 and the axis on the basis 
of the bore of the inner circumference section 12 of a work piece 1 can be raised. 

[0029] Furthermore, in this example, in the imaginary line M which passes the axis PI on the basis of the 
inner circumference section 12 of the hole 10 of a work piece 1 in the direction of a path, each tooth part 18 
formed in the inner circumference section 12 of the hole 10 of a work piece 1 has countered mutually so that 
he can understand from drawing 4 . For this reason, it becomes advantageous to attaining balancing of the 
deformation deltaVI of the tooth part 18 in the one side field A1 arranged rather than that axis PI at one 
side, and the deformation deltaV2 of the tooth part 18 in the other side field A2 arranged rather than that axis 
PI at the other side. Therefore, the same axle nature of the axis on the basis of the outer diameter of the 
periphery section 15 of a work piece 1 and the axis PI on the basis of the bore of the inner circumference 
section 1 2 of a work piece 1 can be raised further. 

[0030] Drawing 5 and drawing 6 show a test result. In this trial, a work piece 1 is the sintered compact of an 
alloy steel system (basic presentation: V-1% C of F-3%Cr-0.3%). Before correcting the axis of abscissa of 
drawing 5 by ironing, it shows the amount (micrometer) of heart gaps between the axis on the basis of the 
outer diameter of the periphery section 15 of a work piece 1, and the axis on the basis of the bore of the 
inner circumference section 12 (tooth part 18) of a work piece 1. After correcting the axis of ordinate of 
drawing 5 by ironing, it shows the amount (micrometer) of heart gaps between the axis on the basis of the 
periphery section 15 of a work piece 1, and the axis on the basis of the bore of the inner circumference 
section 1 2 (tooth part 1 8) of a work piece 1 . As shown in drawing 5 , before carrying out ironing, the amount 
of heart gaps of the diameter of inside and outside of a work piece 1 was large. However, after carrying out 
ironing, the amount of heart gaps of a work piece 1 was small. Before carrying out ironing as shown in drawing 
5 for example, even if the amount of heart gaps of the diameter of inside and outside of a work piece 1 was 
large, after carrying out ironing of it to 60-80 micrometers, the amount of heart gaps of the diameter of inside 
and outside of a work piece 1 was small at about 12-17 micrometers. That is, after carrying out ironing, the 
amount of heart gaps of the diameter of inside and outside had become about 1 / four to 1/5 [ before 
carrying out ironing ]. 

[0031] Before correcting the axis of abscissa of drawing 6 by ironing, it shows the inside diameter (mm) of the 
inner circumference section 12 of the hole 10 of a work piece 1. After correcting the axis of ordinate of 
drawing 6 by ironing, it shows the inside diameter (mm) of the inner circumference section 12 (tooth part 18) 
of the hole 10 of a work piece 1. As shown in drawing^ , before carrying out ironing, the variation in the inside 
diameter of the inner circumference section 12 (tooth part 18) of the hole 10 of a work piece 1 was large. 
However, after carrying out ironing, the variation in the inside diameter of the inner circumference section 12 
(tooth part 18) of the hole 10 of a work piece 1 was small. That is, as shown in drawing 6 , before carrying out 
ironing, the inside diameter of the inner circumference section 12 (tooth part 18) of the hole 10 of a work 
piece 1 differed within the limits of 24.35mm - 24.455mm greatly. However, after carrying out ironing, the 
inside diameter of the inner circumference section 12 (tooth part 18) of the hole 10 of a work piece 1 had 
fallen within the range of 24.46mm - 24.48mm. 

[0032] As described above, while being able to reduce the amount of heart gaps between the axis on the 
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basis of the outer diameter of the periphery section 1 5 of a work piece 1 , and the axis on the basis of the 
bore of the inner circumference section 12 '(tooth part 18) of a work piece 1, by this example, the inside 
diameter (inside diameter of a tooth part 18) of the inner circumference section 12 of the hole 10 of a work 
piece 1 is made highly precise. For this reason, it can be used, without almost carrying out cutting finish of 
the tooth part 18 which constitutes the inner circumference section 12 of a work piece 1, while it has been in 
a scale condition, without carrying out cutting finish. 

[0033] Furthermore, it can be used, without almost carrying out cutting finish of the periphery section 1 5 of a 
work piece 1, while it has been in a scale condition, without carrying out cutting finish. For this reason, the 
cost of cutting finish which closes a remarkable rate in the manufacturing cost of a work piece 1 can be 
reduced. 

[0034] (The 2nd example) Draw ing 7 shows the 2nd example. This example is the same configuration as the 
1st example fundamentally, and does the same operation effectiveness so fundamentally. Hereafter, a 
different part is explained as a core. As shown in drawing 7 , in this example, the number of the slots 19 
formed in the inner circumference section 12 of the hole 10 of work-piece IB as compared with the 1st 
example is decreasing. In this example, since the slot 19 is formed in the inner circumference section 12 of a 
work piece 1, in case ironing of the inner circumference section 12 of work-piece IB is carried out, the meat 
ingredient of the tooth part 18 which constitutes the inner circumference section 12 of a work piece 1 can 
flow in a slot 19. That is, the fluidity of the meat ingredient of the tooth part 18 which constitutes the inner 
circumference section 12 of a work piece 1 is secured. Therefore, the deformans in the inner circumference 
section 12 of the hole 10 of a work piece 1 and deformation are secured. Consequently, the bore precision of 
the inner circumference section 12 of the hole 10 of a work piece 1 improves. Therefore, the same axle 
nature of the axis on the basis of the outer diameter of the periphery section 15 of a work piece 1 and the 
axis on the basis of the bore of the inner circumference section 12 of a work piece 1 can be raised. 

[0035] (The 3rd example) Drawing 8 - drawing 12 show the 3rd example. This example is the same 
configuration as the 1st example fundamentally, and does the same operation effectiveness so fundamentally. 
Hereafter, a different part is explained as a core. This example is applied to a cam shaft. Drawing 8 shows 
typically the equipment which carries out ironing. Drawin g 9 shows the top view of work-piece 1C for the 
cams before performing ironing. Work-piece 1C is used as a cam carried in a cam shaft. As shown in drawing 
9 , work-piece 1C for cams is equipped with the inner circumference section 12 and the periphery section 15 
which divide a hole 10. Predetermined spacing is separated and it is formed in the inner circumference section 
12 of work-piece 1C so that two or more internal-tooth-like tooth parts 18 may take 1 round along a hoop 
direction. He is trying for the face width D of a tooth part 18 to become small gradually as are shown in 
dra win g 10 and it goes to a way among the directions of a path of a hole 10. 

[0036] As shown in drawing 9 , it considers as the fang furrow 19 between the tooth parts 18 which carry out 
proximal. Two or more slots 19 are formed along the hoop direction in the inner circumference section 12 of 
the hole 10 of work-piece 1C. The slot 19 formed in work-piece 1C is installed mutual almost in parallel along 
with the axis of a hole 10 in the inner circumference section 12 of the hole 10 of work-piece 1C. As shown in 
drawing 9 , the periphery section 15 of work-piece 1C is made into the smooth side carried out 1 round in the 
hoop direction of this, and the external tooth etc. is not formed. As shown in drawin g 9 , the periphery section 
15 of work-piece 1C is equipped with radii section 15a and lobe 15c projected to radial, and is made into the 
shape of an ovoid. That is, work-piece 1C constitutes an egg-shaped cam. 

[0037] Work-piece 1C for these cams is formed with the sintered compact which sintered the green compact 
which pressed metal powder, and has many microporosities. Although it considers as the alloy steel system or 
the carbon steel system as metal powder, it is not limited to this. In the case of an alloy steel system, there 
are also little Cr, V, Mo, and W and one sort or two sorts or more can be contained. 

[0038] Also in this example, in the imaginary line M which passes the axis PI on the basis of the inner 
circumference section 12 of the hole 10 of work-piece 1C in the direction of a path, as for each tooth part 18 
formed in the inner circumference section 12 of the hole 10 of work-piece 1C, 18m of the top faces has 
countered mutually so that he can understand from drawing 10 . 

[0039] As shown in drawing 8 , dice 3C has the dice hole 30 penetrated in the vertical direction while abrasion 
resistance is formed with the good metal and carries out opening on the top face, and the core rod 35 for 
ironing by which it has been arranged with the axis-of-ordinate mold, and abrasion resistance was formed in 
the central region in the dice hole 30 with the good metal. The dice hole 30 of dice 3C is made into the plane 
cam configuration so that work-piece 1C for cams can be inserted in. The dice hole 30 of dice 3C has the 
dice inner circumference section 31 carried out 1 round in the hoop direction of this. It is supposed that the 
wall surface of the dice inner circumference section 31 is smooth, and the internal tooth etc. is not formed. 
[0040] A core rod 35 has the rod periphery section 36 which meets the dice inner circumference section 31 
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of the dice hole 30 of dice 3C like the case of the 1st example. It is supposed that the wall surface which 
constitutes the rod periphery sectioh 36 of a core rod 35 is smooth, and the external tooth etc. is not formed. 
Interior of tip proposal 35a which makes the shape of a cylindrical shape to which a core rod 35 is located in 
upper limit as shown in drawing 8 , It has path voluminousness 35e which makes the shape of a cylindrical 
shape which is formed in the small diameter part of 35d which makes the shape of a cylindrical shape caudad 
installed from bulge section 35c which makes the shape of a cylindrical shape which bulges in the outer- 
diameter direction, and bulge section 35c while being caudad installed from interior of tip proposal 35a, and 
the lower limit section of a core rod 35, and bulges in the direction of the outside of a path. 

[0041] As shown in drawing 8 , reliance breaks and path voluminousness 35e of a core rod 35 is held at the 
lower limit section of the dice hole 30 of dice 3C. The axis of a core rod 35 and the axis of the radii part of 
the dice hole 30 of dice 3C are considered as coaxial arrangement. Fitting of the sliding of the draw pin 39 of 
an axis-of-ordinate mold is made possible to the pin hole 38 of a core rod 35, and it is held. 

[0042] Work-piece 1C is inserted in in the dice hole 30 of dice 3C by dropping punch 4 in the arrow-head Y1 
direction so that he can understand from drawing 8 in the case of ironing. While this restrains the periphery 
section 15 of work-piece 1C in the dice inner circumference section 31 of the dice hole 30 of dice 1C, the 
inner circumference section 12 of work-piece 1C is drawn through in the periphery section of bulge section 
35c of a core rod 35. That is, the inner circumference section 12 of work-piece 1C is drawn through on the 
basis of the periphery section 15 of work-piece 1C. Consequently, crushing of the tooth part 18 currently 
formed in the inner circumference section 12 of work-piece 1C is carried out to radial [ of work-piece 1C ] by 
plastic deformation, and height h (refer to drawing 10 ) of a tooth part 18 becomes small. Therefore, the same 
axle nature of the axis of work-piece 1C on the basis of the outer diameter of radii section 15a of the 
periphery section 15 of work-piece 1C and the axis of work-piece 1C on the basis of the bore of the inner 
circumference section 12 of work-piece 1C is raised. 

[0043] In addition, if ironing is completed, by making the draw pin 39 upper-** to an arrow-head Y 2-way, 
work-piece 1C will be pushed up and it will remove from the dice hole 30 of a dice 3. 

[0044] In this example, since the slot 19 is formed in the inner circumference section 12 of work-piece 1C, in 
case ironing of the inner circumference section 12 of work-piece 1C is carried out, the meat ingredient which 
constitutes the inner circumference section 12 of work-piece 1C can flow in a slot 19. That is, a flow of the 
inner circumference section 12 of the hole 10 of work-piece 1C is secured. Therefore, the deformans in the 
inner circumference section 12 of the hole 10 of work— piece 1C and deformation are secured good [ in the 
case of ironing ]. Consequently, the bore precision of the inner circumference section 12 of the hole 10 of 
work-piece 1C improves. Furthermore, the same axle nature of the axis on the basis of the outer diameter of 
radii section 15a of the periphery section 15 of work— piece 1C and the axis on the basis of the bore of the 
inner circumference section 12 of work-piece 1C can be raised. 

[0045] Furthermore, in this example, each tooth part 18 formed in the inner circumference section 12 of the 
hole 10 of work-piece 1C has countered mutually in the imaginary line M which passes the axis PI on the 
basis of the inner circumference section 12 of the hole 10 of work-piece 1C in the direction of a path so that 
he can understand from drawing 10 . For this reason, it becomes advantageous to attaining balancing of the 
deformation deltaV3 in one side field A3 arranged at one side rather than the axis PI on the basis of the inner 
circumference section 12 of work-piece 1C, and the deformation deltaV4 in other side field A4 arranged at 
the other side rather than the axis PI on the basis of the inner circumference section 12 of work-piece 1C. 
Therefore, the same axle nature of the axis on the basis of the outer diameter of radii section 15a of the 
periphery section 15 of work-piece 1C and the axis on the basis of the bore of the inner circumference 
section 12 of a work piece 1 can be raised further. 

[0046] As described above, while being able to reduce the amount of heart gaps of the axis on the basis of 
the outer diameter of radii section 15a of the periphery section 15 of a work piece 1, and the axis on the 
basis of the bore of the inner circumference section 12 of a work piece 1 in this example, the inside diameter 
of the tooth part 18 of the inner circumference section 12 of the hole 10 of a work piece 1 is made highly 
precise. For this reason, it can be used, without almost carrying out cutting finish of the tooth part 18 which 
constitutes the periphery section 15 and the inner circumference section 12 of a work piece 1, while it has 
been in a scale condition, without carrying out cutting finish. For this reason, the cost of cutting finish which 
closes a remarkable rate in the manufacturing cost of a work piece 1 can greatly be reduced. 

[0047] In this example, after carrying out ironing, thermal expansion of work-piece 1C for cams is heated and 
carried out to predetermined temperature. Furthermore, as shown in drawing 1 1 , the metal (generally a 
carbon steel system, an alloy steel system) shaft 5 (generally ordinary temperature) made into low 
temperature rather than work-piece 1C is prepared. The cross section of a shaft 5 makes a circle 
configuration. And a shaft 5 is fitted into the hole 10 of work-piece 1C for cams which is heating and carrying 
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out thermal expansion as shown in drawing 12 . After that, if work piece 1C for cams is cooled in an ordinary 
temperature region, work-piece 1 C for cams will carry out a heat shrink to radial [ of this ]. For this reason, 
the toe of the tooth part 18 which constitutes the inner circumference section 12 of the hole 10 of work- 
piece 1C for cams is stuck to the periphery section of a shaft 5 by pressure. That is, a shrink fitting is 
performed. Work-piece 1C for cams is attached to a shaft 5 by this, and a cam shaft is obtained. 

[0048] Although the gestalt which carries out a shrink fitting was explained when it described above, it cools 
not only in this and is good also as **. That is, while holding work-piece 1C for cams in an ordinary 
temperature region, the shaft 5 in the condition of cooling and carrying out the heat shrink to the low 
temperature which is the temperature of under ordinary temperature is prepared. And the shaft 5 in the 
condition of having carried out the heat shrink is fitted into the hole 10 of work-piece 1C for cams. After that, 
if a shaft 5 is returned to an ordinary temperature region, a shaft 5 will carry out thermal expansion to radial 
[ of this ]. For this reason, the periphery section of a shaft 5 is stuck to the toe of the tooth part 18 which 
constitutes the inner circumference section 12 of the hole 10 of work piece 1C for cams by pressure. That is, 

it cools and eye ** is performed. Work-piece 1 C for cams is attached to a shaft 5 by this, and a cam shaft is 
obtained. 

[0049] Furthermore, in this example, as shown in drawing 1 3 , it can fit into stop slot 5w formed in the 
periphery section of a shaft 5 along the direction of axial length of this, and engagement of engagement 
projection 5x, such as a key, to the tooth part 18 which is a part for slot Mabe of work-piece 1C can also be 
enabled by engagement projection 5x at it. Thereby, the baffle of work-piece 1C and a shaft 5 is performed 
much more certainly. On the cross section of a shaft 5, stop slot 5w and the number of engagement 

projection 5x can be chosen suitably, one piece is sufficient as them, respectively, and plurality is sufficient as 
them. 

[0050] In addition, drawin g 14 shows the example of application applied to the cam shaft carried in the internal 
combustion engine of a car. This cam shaft installs two or more work— piece 1C for cams in the longitudinal 
direction of this side by side, and is constituted by the shaft 5. In a hoop direction, as for work-piece 1 C for 
cams, the phase is different. 

[0051] It is not what is not limited only to the example which described this invention above and was shown in 
the drawing, and is limited to the sintered compact with which the work piece sintered the green compact in 
addition to this. (Other examples) In a forging, a cast, or the sintering forging forged after sintering is 
sufficient and applying [ and ] to a cam shaft Within limits which do not deviate from a summary, if needed, it 
changes suitably that it is applicable also to cam shafts other than the cam shaft carried in the internal 
combustion engine of a car etc., and can carry out it. [ it ] [ it ] 

[0052] (Additional remark) The following technical thought can also be grasped from the above-mentioned 
specification and a drawing. 

[0053] The improvement approach in bore precision of the work piece concerning each claim which fitting of 
the shaft is carried out to the hole of a work piece, and is characterized by preparing the engagement 
projection in which a part for slot Mabe and engagement are possible in the periphery section of a shaft, the 
manufacture approach of a cam shaft [0054] 

[Effect of the Invention] According to this invention, since the slot is formed in the inner circumference 
section of a work piece, the meat ingredient of the inner circumference section of the work piece at the time 
of carrying out ironing of the inner circumference section of a work piece can flow to Mizouchi. Therefore, the 
deformans in the inner circumference section of the hole of a work piece and deformation are secured. 
Consequently, the bore precision of the inner circumference section of the hole of a work piece improves. 
Furthermore, the same axle nature of the axis on the basis of the outer diameter of the periphery section of a 

work piece and the axis on the basis of the bore of the inner circumference section of a work piece can be 
raised. 

[0055] Especially, when each tooth part formed in the inner circumference section of the hole of a work piece 
in the imaginary line which passes the axis on the basis of the inner circumference section of the hole of a 
work piece in the direction of a path has countered mutually, it becomes advantageous to attaining balancing 
of the deformation in the one side field arranged rather than the axis at one side, and the deformation in the 
other side field arranged rather than the axis at the other side. Therefore, the same axle nature of the axis on 
the basis of the periphery section of a work piece and the axis on the basis of the inner circumference 
section of a work piece can be raised further. 



[Translation done.] 
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